The paper focuses on the analysis of PV systems of 1 kW electricity generation in Bosnia and Herzegovina. At the beginning, some information about solar energy and PV systems, renewable energies policies and physical-geographic position and climatic characteristics in Bosnia and Herzegovina are provided. Based on PVGIS program, the results of calculation of the yearly average values of the optimal panel inclination, solar irradiation on the horizontal, vertical and optimally inclined plane, ratio of diffuse to global solar irradiation, associated turbidity, average daytime temperature and 24 hours average of temperature for 27 cities in Bosnia and Herzegovina are shown. The paper also outlines the total yearly sum of global irradiation per square meter received by the modules of the optimally inclined fixed 1kW PV system, optimally inclined one-axis and dual-axis tracking 1kW PV systems as well as total yearly electricity production of different types of PV 1kW system for 27 cities in Bosnia and Herzegovina, obtained by PVGIS. The comparison is provided for the total yearly electricity production of different types of 1kW PV system with monocrystaline silicon, CdTe and CIS solar modules, respectively, for 27 cities in Bosnia and Herzegovina. Calculations performed by PVGIS program have shown that irrespective of the type of PV systems, most electrical energy in Bosnia and Herzegovina can be generated by means of PV systems with CdTe solar cells. Some practical data and considerations given in this paper can be used by a customer or company interested to invest in the PV sector in Bosnia and Herzegovina.
INTRODUCTION
Solar energy is the most abundant, inexhaustible and cleanest of all renewable energy resources to date. The power from the Sun intercepted by the Earth is about 1,8 × 10 11 MW, which is by many times bigger than the present rate of all the energy consumption. Solar energy is one of the best renewable energy sources with the least negative impacts on the environment [1] .
One of the most popular techniques of solar energy generation is the installation of photovoltaic (PV) systems using sunlight to generate electrical power. There are many factors affecting operation and efficiency of the PV based electricity generation systems, such as PV cell technology, ambient conditions and the selection of required equipment. There is scarce study that presents all factors affecting efficiency and the operation of the entire PV system [1−3] .
Electricity from photovoltaic cells can be used for a wide range of applications, from power supplies for small consumer products, to large power stations feeding electricity into the grid. PV solar system can function independently of the electric power network (off grid) or it can be connected to it (on grid). Depending on the components that comprise it, an off-grid PV system can supply the consumers with DC current or AC current. An offgrid PV system that gives consumers DC current is *Corresponding author: pavlovic@pmf.ni.ac.rs
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Contemporary Materials (Renewable energy sources), II2 (2011) Page 124 of 138 composed of solar cells, batteries and batteries charge controllers. An off-grid PV system that provides consumers with AC current consists of solar cells, battery charge controllers, batteries and DC to AC inverter. On-grid PV systems consist of solar cells, inverter, monitoring system, distribution boxes, switches and related connections. On-grid PV systems are most frequently used for PV solar plants, residential and office buildings, etc. PV solar plants mostly use solar modules made of monocrystalline and polycrystalline silicon, and rarely, modules made of thin film materials such as amorphous silicon, CdTe and CopperIndium-Diselenide (CIS, CuInSe 2 ). Depending on the climate conditions of the given location, fixed PV solar plants, one-axis and dual-axis tracking PV solar plants are being installed worldwide. Fixed PV solar plants are used in regions with continental climate and tracking PV solar plants are used in tropical regions [1−8] Different countries have different solar energy policies to reduce dependence on the fossil fuels and increase domestic solar energy powered energy production. The solar energy sector in Bosnia and Herzegovina is not developed yet [1, 4, 9] . This paper focuses on the possibilities of generating electrical energy by means of on-grid 1kW PV solar systems in Bosnia and Herzegovina.
RENEWABLE ENERGIES POLICIES IN BOSNIA AND HERZEGOVINA
The Constitution of Bosnia and Herzegovina is an integral part of the Dayton Peace Agreement and has created a specific State comprising two entities, the Federation of Bosnia and Herzegovina and the Republic of Srpska. Under this constitutional set-up, Bosnia and Herzegovina is a sovereign state with a decentralized political and administrative structure. In addition, a separate District, Brcko, was established within Bosnia and Herzegovina's borders 10.
Coal and hydropower represent a backbone in terms of energy sources in Bosnia and Herzegovina. In 2001, 62% of the total consumption of primary energy was derived from those sources in Bosnia and Herzegovina, this clearly pointing to the alarming fact that Bosnia and Herzegovina heavily depends on the import of energy, since local energy sources are obviously not sufficient to fulfill the energy demands [10−11].
Bosnia and Herzegovina satisfies its electric power needs in total with the production of electricity from its own power stations (10,8 TWh in 2002), using for that its available hydro potential and coal resources. The scope of domestic consumption enhances the export of the part of generated electricity, which in 2002 amounted to 1,1 TWh. About 60% of electricity has been generated in thermo power plants, and the other 40% in hydro power plants. The available hydro potentials have been estimated in terms of possible annual production of approx. 22 000 GWh, while the coal reserves are over four billions of tons. The electric energy output in Bosnia and Herzegovina meets the demands on a short-term basis [10−11].
Bosnia and Herzegovina ratified the UN Framework Convention on Climate Change on September 7, 2000, and the UNFCCC entered into force on December 6, 2000. The Kyoto Protocol on the Greenhouse Gases Reduction was ratified in 2007 [9−11] .
As far as the official promotion documents for RES in Bosnia and Herzegovina and the corresponding increase of the energy efficiency, there are none.
The Decision on purchase pricing methodology of RES generated electric power, with installed power up to 5 MW, was adopted and published (Of. Gazette of the Federation of Bosnia and Herzegovina 32/2002, Of. Gazette RS 71/2003).
Two power utility companies in Bosnia and Herzegovina and one in the Republic of Srpska were assigned to take over RES generated electricity. Based on these decisions, the tariff systems for RES generated electricity are:
 Certain projects (USAID, UNDP), associations of citizens (CETEOR, COOR, CENER, CEET) and centers dealing with this issue can be found within the Faculties of University in Sarajevo, Banja Luka, Tuzla, and Mostar [9−13] .
The level of energy efficiency, i.e. energy intensity in Bosnia and Herzegovina is among the lowest in Europe. This calls for considerable improvements in the area of RES generated electricity. Another area to tackle is the lack of the institutional and legal framework.
The primary aim of sustainable development of energy sector of Bosnia and Herzegovina is to reduce energy intensity in the entire life cycle ranging from the primary energy production, raw material processing and production and all the way down to conversion of product and final energy forms into money and quality of life.
Secondly, it is imperative to increase the energy efficiency of fossil fuel usage (small energy cogeneration, use of the condensing boilers, use of the fuel gases heat). The next step is to strive for gradual transition towards the unconventional energy sources (biomass use, passive use of solar energy, more extensive use of hydro potential for small power plants). Currently, the most important step is to develop the energy sector strategy, which implies outlining the priority directions of the energy sector development, decision to use RES, and the instruments and dynamics for its implementation will be established. It is also vitally important to develop Feasibility Studies on RES use (wind and solar energy). It is necessary to simplify the procedure for obtaining the concession and license for the construction of RE installations. Last but not the least is to encourage the private sector to invest in and develop all segments of energy infrastructure [9−13] . . Border length amounts to 1537 km, of which land border is 762,5 km, river 751 km and sea 23,5 km. Bosnia and Herzegovina shares its border with the Republic of Croatia (931 km), Serbia (375 km) and Montenegro (249 km). Northern parts of Bosnia and Herzegovina face the Sava river, while its southern parts reach the Adriatic Sea at Neum city. Bosnia and Herzegovina is extremely mountainous, with average altitude of 500 m. 5% of the country is lowland, 24% is hills, 42% mountains, and 29% is covered with karst (NEAP, 2003). Forests and forest type of soils in Bosnia and Herzegovina cover 2 709 769 ha (which is about 53% of its territory), out of which woods cover 2 209 732 ha (about 43%), while barren land covers 500 037 ha (about 10%). Bosnia and Herzegovina has been arranged by the Dayton Agreement, according to which it is constituted of the Federation of Bosnia and Herzegovina (10 cantons), the Republic of Srpska and Brčko District.
Bosnia and Herzegovina is exposed to the exchanging influences from the southern part of the North temperate belt and northern part of the North subtropical belt. Most of the young mountain chains (western part), the Dinaric Alps, are situated in our territory. Chains of the Dinaric Alps descend gradually in the northern direction toward the Sava river, while in the southern direction they descend suddenly, directly into the lowland of Herzegovina and the Adriatic coastline. Bosnia and Herzegovina owes its predominantly mountainous character to the western part of the Mediterranean mountain chains.
The climate of Bosnia and Herzegovina is moderate, but more extreme than one could expect based on its geographic position. The Mediterranean impact here is substantially reduced. Hence, the Mediterranean climate occurs only on the Adriatic coastline and in low Herzegovina. Dinaric alpine region strongly modifies the Mediterranean currents coming from the South, whereas it prevents the penetration of cold air from the inland to the coast. But, the Mediterranean influences still penetrate deep inland across the Neretva river valley. The climate of Bosnia and Herzegovina is highly diverse. Between the areas of moderate continental and modified Mediterranean (Adriatic) climate, there are areas with continental, pre-alpine and alpine climates.
The highest mountain peaks are characterized by lowest temperatures. The average temperature on Bjelašnica Mountain, in January, is -7,2°C, while in Neum city it is 6,5°C. Annual precipitation in Bosnia and Herzegovina is unevenly distributed, whereas it increases from the South towards Dinaric massifs, and declines again towards peripannonian margin. Snow occurs regularly in winter, covering mountain peaks over 6 months per year [14−16] .
In the climate of Bosnia and Herzegovina it is possible to differ three distinctive climate types, with more or less obvious borders:
 In the southwest-Mediterranean, i.e. Maritime climate  In central part -Continental-Mountains, i.e. Alpine climate and  In the north -moderate Continental, i.e. Mid-European climate.
In southwest parts of Bosnia and Herzegovina, due to the vicinity of the Adriatic Sea, which in winters radiates heat accumulated in the summer period, middle January temperatures are high and range from 3°C to 5°C, while summers are hot and , and medium annual temperatures range from 12°C to 15°C. Snow is rare although not impossible in this region [15] .
In the central part of Bosnia and Herzegovina prevails the continental-mountain climate, of the alpine type. Basic characteristics of this climate is harsh winters with the absolute minimal temperatures ranging from -24°C to -34°C, while summers are hot with the absolute maximal temperatures ranging from 30°C to 36°C. Average annual precipitation ranges from 1000 l/m 2 to 1200 l/m 2 . Snow falls are heavy, especially in higher places.
The dominant climate in the north of the country is moderate continental climate with harsh winters and hot summers, but in relation to the alpine area, ranges between winter and summer temperatures are lower. The hottest areas are in the northeast part, while mean temperatures decrease in the southwest, following the rivers towards the central part. Annual precipitation ranges from 700 l/m 2 to 1100 l/m 2 . Snow is also present but to a lesser degree than in the central part.
The average annual temperatures, annual precipitation, number of overcast days, number of clear days, for two towns for each mentioned climate areas, for the period 1961-1990 are presented in Table 1 [15].
Depending on the altitude, apart from these climate areas, there are transitional zones so we are dealing with the area of moderate continental climate of pre-mountain type, then the area of the Mediterranean climate of the pre-mountain type, etc [15] .
Monthly average values of the meteorological data of Bosnia and Herzegovina are shown in Table 2 [16]. 
RESULTS AND DISCUSSION
The quantity of sun radiation intake on the surface of earth is influenced by numerous factors such as: geographical latitude of the given place, season of the year, part of the day, purity of the atmosphere, cloudiness, orientation and surface inclination, etc. This data is very important from the point of view of its use in calculations of the cost effectiveness of equipment using sun radiation. Very reliable data can be found in PVGIS database (Photovoltaic Geographical Information System) [2,8,17−19] .
This section shows the results obtained from the study of the solar irradiation and electricity generated by optimally inclined fixed PV solar plants, optimally inclined one-axis and dual-axis tracking 1kW PV solar plants with monocrystalline silicon, CdTe and CIS solar modules in 27 cities of Bosnia and Herzegovina, processed by the PVGIS programme, 17,19.
Solar irradiation in Bosnia and Herzegovina
The aim of this section is to introduce and identify local solar resources in Bosnia and Herzegovina. Bosnia and Herzegovina can be counted among more favourable locations in Europe with solar irradiation figures on horizontal surface of 1240 kWh/m 2 in the north of the country, and up to 1600 kWh/m 2 in the south [9, 13, 17] . The yearly sum of the total solar irradiation incident on horizontal PV modules in kWh/m 2 and yearly electricity generated by 1 kWp system with performance ratio 0,75 (kWh/kWp) for the territory of Bosnia and Herzegovina obtained by PVGIS, are shown in Figure 1 [17] .
Yearly sum of total solar irradiation incident on optimally inclined south-oriented PV modules in kWh/m 2 and yearly electricity generated by 1 kWp system for the territory of Bosnia and Herzegovina obtained by PVGIS, are presented in Figure  2 [17] . Tuzla  1490  1890  1940  Zvornik  1430  1670  1720  Drvar  1550  1900  1950  Jajce  1480  1760  1800  Travnik  1510  1850  1900  Zenica  1560  1960  2010  Kupres  1540  1880  1930  Sarajevo  1600  2040  2100  Višegrad  1560  1940  1990  Pale  1590  2010  2070  Livno  1640  2080  2140  Goražde  1520  1850  1890  Konjic  1620  1990  2040  Foča  1620  2000  2060  Mostar  1590  1940  1970  Trebinje  1780  2290  2360   Table 4 shows that: 1. Total yearly sum of global irradiation per square meter received by the optimally inclined fixed PV systems of 1 kW ranges from 1400 kWh (Gradiška) to 1780 kWh (Trebinje); 2. Total yearly sum of global irradiation per square meter received by the optimally inclined one-axis tracking PV systems of 1kW ranges from 1670 kWh (Zvornik) to 2290 kWh (Trebinje); 3. Total yearly sum of global irradiation per square meter received by the dual-axis tracking PV systems of 1kW ranges from 1720 kWh (Zvornik) do 2360 kWh (Trebinje); 4. In Zvornik, the optimally inclined one-axis tracking 1kW PV systems intake 16,78% more solar irradiation compared to optimally inclined fixed 1kW PV systems, dual-axis tracking PV 1kW systems intake 20,28% more solar irradiation compared to optimally inclined fixed 1kW PV system and dual-axis tracking 1kW PV systems intake 2,99% more solar irradiation compared to optimally inclined one-axis tracking 1kW PV systems , and 5. In Trebinje, optimally inclined one-axis tracking PV systems of 1 kW intake 28,65% more solar irradiation than optimally inclined fixed PV system of 1 kW, while dual-axis tracking PV systems of 1 kW intake 32,58% more solar radiation than optimally inclined fixed PV system of 1 kW and dual-axis tracking PV systems of 1 kW intake 3,06 % more solar irradiation than optimally inclined one-axis tracking PV systems of 1kW.
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Total yearly sum of global irradiation per square meter received by the modules of the given PV system (optimally inclined fixed PV systems, optimally inclined one-axis and dual-axis tracking PV systems) of 1kW in some cities in Bosnia and Herzegovina, obtained by PVGIS, is given in Table 4 [17] .
Geographical position and the results of PVGIS calculation of the yearly average values of the optimal panel inclination, solar irradiation on the horizontal, optimally inclined and vertical plane, linked turbidity, ratio of diffuse to global solar irradiation, daytime temperature and 24 hours of temperature for some cities in Bosnia and Herzegovina are presented in Table 3 [17].
Electricity production of different types of PV Systems of 1 kW in 13 cities in Bosnia and Herzegovina
Total yearly electricity production of different types of 1kW PV systems in some cities in Bosnia and Herzegovina, obtained by PVGIS, is shown in Table 5 [17]. Table 5 shows that: 
CONCLUSION
The main reason for the research, development and use of solar energy is that the use of solar energy contributes to a more efficient use of a country's own potentials in generating electrical and thermal energy, reduction of "the greenhouse effects" emission, reduction of the import and use of the fossil fuels, development of the local industry and creation of new jobs.
In the light of all the aforementioned one can conclude that nowadays PV systems used worldwide mainly use solar cells made of monocrystalline, polycrystalline and amorphous silicon, CdTe and CIS solar cells. Based on climate and other conditions worldwide fixed, one-axis, and dual-axis tracking PV systems are installed.
Although the Bosnia and Herzegovina has very favourable climate as well as legal conditions for the installation and use of PV solar plants, up to now not a single PV solar plant has been installed to date and there are rare cases of the use of PV systems elsewhere. The solar energy sector in Bosnia and Herzegovina is not developed yet.
PVGIS-based maps and data for average annual solar irradiation for the specific location within the territory of Bosnia and Herzegovina are presented and analysed in order to achieve useful details and assessments for the potentials for solar PVs utilization in Bosnia and Herzegovina. The figures and tables (some examples are presented in this paper) can serve as guidelines for the basic necessary data for solar radiation and design of ongrid PV systems in Bosnia and Herzegovina.
The application of PVGIS program in 27 towns in the Bosnia and Herzegovina shows that the yearly average of the optimal panel inclination ranges from 30 to 35; total yearly sum of global irradiation per square meter received by the optimally inclined fixed 1kW PV systems ranges from 1400 kWh (Bosanska Gradiška) to 1780 kWh (Trebinje); total yearly sum of global irradiation per square meter received by the optimally inclined one-axis tracking 1kW PV systems ranges from 1670 kWh (Zvornik) to 2290 kWh (Trebinje); total yearly sum of global irradiation per square meter received by the dual-axis tracking 1kW PV systems ranges from 1720 kWh (Zvornik) to 2360 kWh (Trebinje).
Total yearly electricity production by the optimally inclined fixed 1kW PV systems with solar modules of monocrystalline silicon ranges from 1060 kWh (Bosanska Gradiška) to 1350 kWh (Trebinje), with CdTe solar modules ranges from 1160 kWh (Bosanska Gradiška) to 1490 kWh (Trebinje) and with CIS solar modules it ranges from 1080 kWh (Bosanska Gradiška) to 1370 kWh (Trebinje).
Total yearly electricity production by the optimally inclined one-axis tracking PV systems of 1 kW, with solar modules of monocrystalline silicon ranges from 1250 kWh (Zvornik) to 1740 kWh (Trebinje), with CdTe solar modules it ranges from 1380 kWh (Zvornik) to 1900 kWh (Trebinje) and with CIS solar modules from 1290 kWh (Zvornik) to 1780 kWh (Trebinje).
Total yearly electricity production by the dual-axis tracking 1 kW PV systems with solar modules of monocrystalline silicon ranges from 1280 kWh (Zvornik) to 1780 kWh (Trebinje), with CdTe solar modules from 1410 kWh (Zvornik) to 1950 kWh (Trebinje) and with CIS solar modules from 1310 kWh (Zvornik) to 1820 kWh (Trebinje).
Irrespective of the type of PV solar plants, PVGIS program has shown that most electrical energy in Bosnia and Herzegovina can be generated by PV solar plants with CdTe solar cells.
The overall conclusion is that Bosnia and Herzegovina has favourable solar irradiation and climatic conditions for solar PV electricity generation; hence the utilization of solar PV electricity generation in Bosnia and Herzegovina can almost certainly be expected in the future.
Estimated losses in PV systems of 1 kW in some cities in Bosnia and Herzegovina, obtained by PVGIS, are given in Table 6 [17] .
Comparison of total yearly electricity production of different types of PV systems with monocrystaline silicon solar modules of 1kW in some cities in Bosnia and Herzegovina is shown in Figure 3 . Figure 4 .
Comparison of the total yearly electricity production of different types of PV system with CIS 1kW solar modules in some cities in Bosnia and Herzegovina is shown in Figure 5 . Figure 3 shows that 1. In Gradiška by means of dual-axis tracking 1kW PV system with solar modules of monocrystalline silicon, 28,3 % more electrical energy is generated compared to optimally inclined fixed 1kW PV systems with solar modules of monocrystalline silicon and 2,26 % more electrical energy is generated than in the case of optimally inclined one-axis tracking 1kW PV systems with solar modules of monocrystalline silicon and 2. In Trebinje by means of dual-axis tracking 1kW PV system with solar modules of monocrystalline silicon 31,85 % more electrical energy is generated compared to optimally inclined fixed PV system of 1 kW with solar modules of monocrystalline silicon and 2,29 % more electrical energy is generated than by means of the optimally inclined one-axis tracking PV systems of 1 kW with solar modules of monocrystalline silicon. Figure 4 shows that 1. In Gradiška by means of dual-axis tracking PV system of 1 kW with CdTe solar modules 25,86 % more electrical energy is generated than in the case of optimally inclined fixed PV system of 1 kW with CdTe solar modules and 1,39 % more electrical energy in comparison to the optimally inclined one-axis tracking PV systems of 1 kW with CdTe solar modules and 2. In Trebinje by means of dual-axis tracking PV system of 1 kW with CdTe solar modules, 30,87 % more electrical energy is generated than by optimally inclined fixed 1kW PV system with CdTe solar modules and 2,63 % more electrical energy is generated than by the optimally inclined one-axis tracking 1kW PV systems with CdTe solar modules.
Figure 5. Comparison of the total yearly electricity production of different types of PV system
with CIS solar1kW modules in some cities in Bosnia and Herzegovina Figure 5 shows that 1. In Gradiška by means of dual-axis tracking 1kW PV system with CIS solar modules 27,78 % more electrical energy is generated than by the optimally inclined fixed 1kW PV system with CIS solar modules and 2,22 % more electrical energy is generated than by the optimally inclined one-axis tracking 1kW PV systems with CIS solar modules and 2. In Trebinje, by means of dual-axis tracking 1kW PV systems with CIS solar modules 32,85% more electrical energy is generated than by the optimally inclined fixed 1kW PV system with CIS solar modules and 2,25% more electrical energy is generated than by the optimally inclined one-axis tracking 1kW PV systems with CIS solar modules.
